Abstract
Introduction
Psychotic depression (PD) is currently classified as a severe form of Major Depression in ICD-10 (1), whereas in DSM-5, psychotic features are considered separate from severity of illness (2) .
Meanwhile, there is a considerable number of factors supporting its role as a separate diagnostic entity with high mortality (3) and severe profile (4) . Considering the severity and impact of PD, there has been insufficient research regarding it.
There have been some methodological differences between studies on the prevalence of PD, but it is likely to be relatively common with a lifetime prevalence of 0.35-1.0% and the prevalence seems to increase in older age (5, 6) . The gender distribution is comparable to that of NPD, with a higher proportion of females affected. Mean age of onset in early adulthood (<45 years) in PD seems to be lower than in NPD, but higher than in NPD in later adulthood (>55 years), which might be explained by PD being the first episode of bipolar disorder in younger samples. SZ is thought to have an earlier age of onset than PD altogether. (7) In light of previous studies, the overall outcome of PD seems to be worse than in NPD, but better than in SZ (7) . General medical comorbidity and psychiatric comorbidity have also been noted to be common in PD in some previous studies (8, 9) .
Many previous studies have some methodological issues to take into account. Concerning the outcome of PD, there are only a few first-episode samples with a long-term follow-up and they have mostly used inpatient samples from university clinics (10, 11) . AESOP-10 in the UK followed PD patients in a well-designed first-episode psychosis cohort for ten years. However, it lacked some representativeness due to loss to follow-up (12) . None of the first-episode studies used nonpsychotic depression as a comparison group. Other studies that have contributed to our knowledge of the outcome of PD have had either only inpatients, mixed samples with both firstepisode and recurrent psychosis or only university clinic admissions (13) (14) (15) (16) (17) (18) (19) .
Diagnostic instability of PD is considered high at least in young patient samples, reducing its nosological validity (20) . Psychotic symptoms are likely to be a risk factor for conversion from unipolar depression to bipolar disorder (21, 22) and there is also a diagnostic shift to other diagnoses such as schizophrenia (23) . On the other hand, unipolar depression in later adulthood can be a prodromal phase for dementia or share a common etiology with it (24). Heslin et al. (12) took diagnostic change into account in their study by analysing baseline and lifetime diagnoses separately but otherwise it has often been disregarded.
Little is known about the presentation of PD in natural settings, as many studies have included only inpatients. Especially studies on the risk factors and long-term outcome of PD in general are rare and desperately needed. Nationwide representative register databases, common in Scandinavia, provide a possibility to study PD. In Denmark, risk factors for illness (25) , suicide (26) , rehospitalizations (27) and diagnostic conversion (28) have been analysed using register data, but not other outcomes.
In this study, we aim to describe the clinical picture of PD in The Northern Finland Birth Cohort 1966 by the age of 48-49. We examine the clinical characteristics and outcomes of PD in comparison to NPD, SZ, PBD and PNOS in a representative prospective birth cohort sample during an up to 21-year follow-up. To our knowledge, this is the first prospective long-term birth-cohort study observing PD, the first to widely use representative register data studying the long-term outcome of PD, and the first study using non-psychotic depression, in addition to psychotic disorders, as a comparison group in a long-term follow-up of a first-episode PD sample.
Material and Methods

Case ascertainment
The Northern Finland Birth Cohort 1966 study (NFBC 1966 ) is a prospective general populationbased birth cohort study implemented in the provinces of Oulu and Lapland. There were 12 058 live-born children followed since mid-pregnancy with expected birth in 1966 in this area of northern Finland that formed the birth cohort. We used nationwide registers for case identification and outcomes. Out of all NFBC 1966 members, we identified a total of 94 subjects who had been diagnosed with psychotic depression at some point in their life. We used the following diagnoses in different ICD-versions to identify PD: ICD-8: 2960, 2980; ICD-9: 2961E; ICD-10: F32.3, F33.3 (see Table 1 for diagnoses in comparison groups). All inpatient treatment diagnoses were gathered from the Care Register for Health Care (CRHC) (29) including all general and psychiatric hospitalizations from the beginning of the cohort study until 2013. We got outpatient treatment diagnoses from Finnish outpatient registers: the specialized outpatient care register was available from 1998-2013 and primary care from 2011-2013. The diagnoses information was supplemented with information from registers about the right for reimbursable medication for psychosis and prescriptions for antipsychotics in 1997, and diagnosis leading to the right for a disability pension and sick leaves. Also, diagnoses based on validation of psychiatric diagnoses in 1997 (30) and a study performed for a subgroup of NFBC 1966 members at the age 43 years (31), were used as supplemental information.
We wanted to study the group that had a stable PD diagnosis and therefore moved those who had also been diagnosed with another specific psychotic disorder such as schizophrenia, bipolar disorder or schizoaffective disorder during the course of their psychiatric illness, to the respective diagnostic group. We used a hierarchical system, in which the life-time diagnosis for each subject was the one that had the highest position in the hierarchy. Starting from the top, the hierarchical order of diagnoses that defined the study group for each subject was: SZ, PBD, PD, PNOS, NPD. For example, subjects with a SZ diagnosis may have been diagnosed with something else, but their life-time diagnosis is interpreted to be SZ. NPD group subjects did not also have a diagnosis of any other study group because such a diagnosis would move them to the respective diagnostic group.
We also checked that NPD group subjects did not have a lifetime occurrence of non-psychotic bipolar disorder diagnosis. PD group subjects may have had short or undefined psychosis diagnoses (F23, F24, F28, F29) during their life-time and still stay in the PD group. An exception to the hierarchy was that we excluded 4 subjects who had both PD and delusional disorder (F22) diagnosis during their life-time. This is because our hierarchical diagnostic system situated these subjects in the PD group, while we did not interpret them to have stable PD since delusional disorder is a separate long-term psychotic illness. In the PD group, all psychiatric diagnoses of each subject were manually checked to make sure there were no diagnoses of SZ, PBD, non-psychotic bipolar disorder or delusional disorder. After this, there were 55 persons who formed the PD sample.
Information on clinical characteristics and outcomes
To evaluate the age of illness onset we identified the first psychosis and depression diagnosis by 
Statistical analyses
Pearson's chi square test, Fisher's exact test and Mann-Whitney U test were used to compare the PD group with SZ, NPD, PBD and PNOS groups. The findings were considered statistically significant when the two-tailed analysis resulted in a p value < 0.05. Pearson's chi square test and Fisher's exact test were used to analyse the differences in gender, comorbidity, mortality, disability pension rate, proportion of working days, educational level and the amount of subjects with at least one life-time occurrence of hospitalization. Mann-Whitney U test was used to analyse differences in median (Md) onset-ages, median cumulative hospitalization days, median amount of hospitalizations and the relative proportion of hospitalization days from illness onset to the end of follow-up or death. For the survival curves, we applied the log rank test. When analysing the differences in hospitalization and comorbidity, we did not adjust for duration of illness, since we used data of life-time diagnoses and hospitalization in all groups. However, the variable "relative proportion of hospitalization days from illness onset to the end of follow-up or death" took the time of illness onset into account since it included the time of first group diagnosis as a starting point. In the survival curve analysis of readmissions, we used first life-time occurrence of hospitalization due to any psychiatric illness as an index episode. The adjustment for duration of illness was also not done when comparing occupational status and mortality. R version 3.3.2 (http://www.R-project.org) was used for statistical analyses.
Results
Sample
The sample consisted of 55 PD subjects and the following comparison groups: NPD (n=618), SZ (n=181), PBD (n=29) and PNOS (n=134). There was a female majority in the PD group and a significant difference compared to SZ (p<0.05) but no other statistically significant differences in gender distribution between groups (Table 2) . With 55 PD subjects, the lifetime prevalence of stable PD up to the end of 2013 in the birth cohort sample was found to be 0.5%.
Clinical course and hospitalization
SZ subjects were significantly younger (27.9y) (p<0.001) than PD subjects (38.4y) during the first psychotic episode ( Table 2 ). The age of PD subjects during first depression diagnosis (37.5y) was significantly lower than for NPD subjects (40.7y) (p<0.05) ( Table 2) .
Mortality in PD (11%, n=6) was higher than in NPD (7%, n=41) and PBD (7%, n=2) but lower than in SZ (14%, n=26) and PNOS (15%, n=20). However, there were no statistically significant differences between groups ( Table 2 ).
The median number of cumulative hospitalization days for any psychiatric indication was 84 in the PD group which was significantly lower (p<0.001) than in SZ (254) and significantly higher than in NPD (0) (p<0.001) and PNOS (39 days) (p<0.05) ( Table 4) . PD subjects had significantly more hospitalizations (5) than NPD (0) (p<0.001) and PNOS (2) (p<0.01) subjects but less than SZ subjects (8) (p<0.01) ( Table 4 ). The relative proportion of hospitalization days from illness onset to the end of follow-up or death in PD (2.07) was significantly higher than in NPD (0) (p<0.001) or PNOS (0.86) (p<0.01) but significantly lower than in SZ (5.62) (p<0.01) ( Table 4) .
We also compared the number of subjects with at least one life-time hospitalization episode due to psychiatric illness in different groups. Almost all PD subjects had been hospitalized (96%), which was comparable to the SZ hospitalization rate (95%) and significantly more common than in the NPD group (45%) (p<0.001) and in the PBD group (83%) (p<0.05) ( Table 4) . Among only those subjects with at least one life-time psychiatric hospitalization, PD subjects still had many more hospital days than NPD subjects (84 vs. 15) (p < 0.001) and less than SZ subjects (268) (p < 0.001) ( Table 4) .
We also carried out a survival curve analysis of readmissions in diagnostic groups after the first life-time occurrence of hospitalization due to any psychiatric illness with a 20-year follow-up ( Fig.   1-4) . PD subjects had a statistically significant shorter time to readmission than NPD subjects (p<0.01) and longer than SZ subjects (p<0.05).
Comorbidity
The prevalence of substance abuse disorders was remarkably high in PD subjects: 46% had at least one documented occurrence of substance abuse disorder and 44% had a documented occurrence of alcohol abuse disorder, which were significantly more than in NPD (25% and 24%) (p<0.001 for any substance abuse disorder and p<0.01 for alcohol abuse disorder), SZ (22% and 19%) (p<0.001 both) and PNOS (28% and 25%) (p<0.05) ( Table 2 ). Personality disorders were also more prevalent in the PD group (40%) than in the other groups (NPD 18%; SZ 36%; PBD 31%; PNOS 32%) but the difference was statistically significant only between PD and NPD (p < 0.001) ( Table 2) .
Educational and occupational status
The differences in educational level between PD and other groups did not quite reach statistical significance (Table 2 ). However, we identified a distinctive occupational profile in PD subjects who were significantly more often (p<0.001) on disability pension (47%) than NPD subjects (20%) but less often (p<0.001) than those with SZ (81%) ( Table 2 ). To study the occupational outcome more closely, we analysed the proportion of workdays for the two-year period 2014-2015 (divided into under 25%, 25-50%, 50-75% and over 75%). We found that PD subjects were more actively involved in work than SZ subjects (p<0.001), but less than NPD subjects (p<0.01).
Discussion
Our study shows that in the long term, PD has more malign clinical and occupational outcomes and a more severe clinical profile than NPD in a general population sample. Meanwhile, the outcomes and the clinical profile in SZ are worse than in PD. Results comparing PD to PBD and PNOS were not so straightforward. PNOS had a younger onset-age and better hospitalization outcomes, while PBD was mostly comparable to PD.
Prevalence of PD in the Northern Finland Birth Cohort 1966 was 0.5% by the age of 48-49, the scale of which was as expected, but it is still rather high when considering our exclusion of unstable cases, the age of the sample and higher incidence of PD in older age. The gender distribution with more females affected was in line with a recent meta-analysis, although the proportion of females was slightly lower (56% vs. 65%). Our findings concerning onset-age in PD had no incongruity with previous studies either (7). However, the earlier onset-age of PD compared to NPD is not reliable because our outpatient data began in 1998, which means that especially NPD cases treated only in outpatient care before 1998 were missed.
Our finding of higher mortality in PD than NPD, though not statistically significant, is comparable to previous research (3). When analysing all affective psychoses as a group, there have also been contradictory results (32) .
To our knowledge, there are no previous studies comparing the amount of psychiatric hospitalizations in a prospective long-term follow-up between PD and NPD. In some previous studies, PD subjects have been hospitalized more frequently than NPD subjects (27, 33, 34) , but there are also studies with no differences between PD and NPD groups (35) . In a recent systematic review, there was a trend towards more hospitalization in PD but no major difference between groups (7). Affecting this finding was a study by Buoli et al. (36) who found PD subjects had fewer hospitalizations than NPD subjects, while simultaneously the current hospitalization had a longer duration in the PD group. SZ patients have most often been found to have more hospitalizations than PD patients even though results have been partly contradictory (12, 34, 37) . In our study, we found that PD subjects were significantly more often hospitalized and required more hospital days than NPD subjects, but significantly less than SZ subjects. These differences appeared both in lifetime occurrences of hospitalizations and separately in the post-illness-onset period measured by the variable "relative proportion of hospitalization days from illness onset to the end of follow-up or death". Time to readmission in the PD group was shorter than in the NPD group but longer than in the SZ group. There were more subjects in the PBD group who had no life-time occurrences of hospitalizations than in the PD group, but otherwise these groups had a similar hospitalization outcome. PD subjects had more hospitalizations than PNOS subjects in our study.
Previous studies comparing the occupational outcome in PD and NPD have not been explicit. In some studies employment rates in PD have been found to be high (11) and not to differ from NPD (34, 38) . In sharp contrast, Rush et al. (39) found 90% of PD subjects were unemployed, but also the unemployment rate of NPD subjects was exceptionally high (81%) in the study, which is likely not representative in an occupational perspective. Coryell and Tsuang (13) identified a similar occupational outcome in PD and NPD in a 40-year follow-up when psychotic symptoms were mood-congruent, but a worse outcome for PD when there were mood-incongruent symptoms. SZ subjects have had worse occupational outcomes in previous studies than PD subjects (34) . In our study, disability pension was significantly more common and the amount of annual workdays lower among subjects with PD than NPD. The opposite was the case in the SZ group, which had a higher disability pension rate and lower number of annual workdays than the PD group. The disability pension rate or the number of annual workdays of PD was not significantly different from the PBD or PNOS groups.
Results of high prevalence of comorbid substance and especially alcohol abuse and personality disorder observed in the PD group in our study are similar to those in some previous studies (8, 9) but low illicit drug abuse in PD has also been reported previously (37) . Surprisingly, comorbid substance abuse was more common in PD than in other diagnostic groups. It is also possible to speculate that substance abuse has a role in high physical comorbidity (8) and mortality (3) as well as in the clinical and occupational outcome observed in PD.
Depression has been found to be common in different stages of SZ and it may interplay with SZ in its progression, which has raised questions about the validity of PD diagnosis (40) . Our findings of older onset-age, female majority and better outcome in PD compared to SZ situate PD on a very different part of the psychosis spectrum. These findings are also in concordance with a recent study that found male sex, younger age and psychotic symptoms to be predictive of progression from unipolar depression to schizophrenia (41) . It is also interesting that depression in schizophrenia and first-episode psychosis is associated with poorer outcomes (42) (43) (44) (45) , while PD has a more benign clinical picture than SZ. In other words, it is puzzling why PD as a psychotic illness with a better outcome is characterized by the prognostic marker of poor psychosis outcome. More research on PD is urgently called for to better understand these phenomena and the connections between depression and psychosis.
Strengths and limitations
Our naturalistic study design, with a real-world non-selected sample, is the first of its kind in PD studies. We used reliable (29) register data from different sources. Follow-up time was comparatively long and we had a chance to compare PD to several other psychoses and NPD in the same study population. In addition, we were able to analyse many different outcome dimensions and variables in the same sample and therefore gained a comprehensive understanding of the outcome.
A significant limitation in our study was the beginning of outpatient register data as late as 1998 when the cohort population was over 30 years old. We cannot rule out that some subjects may have been previously diagnosed with PD during prior outpatient care. Since most (96.4%) PD subjects had been hospitalized and the median onset-age was high (38 years), this is not a major concern. In addition, the number of psychiatric hospital beds in Finland decreased rapidly in the 1980s and 1990s when at the same time the amount of outpatient care grew significantly (46) , therefore the scenario of PD subjects being merely in outpatient care would have been more likely after 1998. However, the prevalence observed for NPD is probably underestimated since many subjects most likely had been diagnosed with NPD before 1998 and treated in outpatient care.
Many PD subjects might have also been diagnosed with non-psychotic depression before 1998.
Altogether, the observed age of first depression diagnosis is likely biased upwards in all diagnostic groups studied.
The older onset-age of NPD compared to PD is not reliable. We were not able to get information about the early-onset outpatient NPD cases, and this may affect the comparisons made between the NPD and PD groups. However, these potential early cases who were not included in our data were likely to have a good prognosis since they did not have any life-time occurrences of hospitalizations or outpatient care with NPD diagnosis after 1998. Therefore, including these cases in our study would have presumably only magnified the difference observed in outcome between NPD and PD. Thus, our conclusion that PD has a more severe course of illness than NPD is reliable.
In addition, the small sample size of PBD subjects makes it hard to draw many conclusions.
Possibly due to this, many differences between PD and PBD remained non-significant. There are still some factors, such as the group of subjects with no life-time occurrences of hospitalizations, that indicate a more benign course for PBD.
One limitation in our study is the use of changing diagnostic classifications from ICD-8 to ICD-10.
PD is not as clearly defined in ICD-8 and ICD-9 than in ICD-10, which came into use in 1996 in Finland. The chosen PD diagnoses in ICD-8 (2960; 2980) and ICD-9 (2961E) are non-organic psychotic states with co-occurring significant depressive symptoms. The validity of our method is increased by the hierarchical system of life-time diagnosis. Those patients diagnosed with PD during ICD-8 and ICD-9 were excluded from the PD group if they, later in life, were diagnosed with schizophrenia, schizoaffective disorder or bipolar disorder.
When comparing mortality and occupational status, we did not adjust for duration of illness. The birth cohort study design allowed us to observe the naturalistic trajectories of different study groups, and we compared the mortality rate and occupational status at the same age in all participants.
Our study design makes it possible that some cases might have gone undiagnosed due to no contact with health-care providers. We believe this risk with PD is small in a mostly publicly funded Finnish healthcare system. Misdiagnosis has been found to be high in PD (47) and this is a limitation that we are not able to rule out.
Conclusions
PD sample in the NFBC 1966 cohort showed a distinct clinical profile with high comorbidity and a less severe profile than SZ but more severe than NPD. PD and PBD group outcomes were largely comparable, though PD subjects more often had at least one life-time occurrence of hospitalization. Especially high rates of substance abuse and personality disorder in PD in our naturalistic sample were surprising. In addition, the high hospitalization rates and mortality, as well as low functional status displayed in employment outcomes, highlight the severity of PD.
These are important notions that clinicians should take into account when treating subjects with PD. Given the current lack of studies, PD needs also more scientific attention. 
Role
